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Description 
FLAT DISPLAY 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a flat display, and more 
particularly, to a flat display that displays images on both 
sides. 

[0003] 2. Description of the Prior Art 

[0004] cell phone is a product that has grown very rapidly on the 
market within the past several years. Therefore, the flat 
display installed on the cell phone for displaying images 
becomes a very important device. In order to fulfill the re- 
quirements of user's habits and product innovation, man- 
ufacturing cell phones having the function of displaying 
images on both sides has become a trend. Furthermore, a 
modified notebook computer equipped with double dis- 
play screens to display images on the inside and outside 
may become more and more popular. A flat display that 
can display images on both sides may be applied in other 



information products, such as a table PC, a large display 
screen, and other various hand-held apparatuses or digi- 
tal products, in the future. 
[0005] However, the current existing display apparatuses having 
the function of displaying images on both sides are fabri- 
cated by adhering two pieces of flat displays to each other 
back to back. Not only are the consumable parts wasted, 
but also at least twice the normal amount of electrical 
power needs to be supplied to the display apparatus to 
increase power consumption because two pieces of flat 
displays are utilized. When the display apparatus having 
the disadvantage of increased power consumption is ap- 
plied in a cell phone, the power consumption of the cell 
phone is also increased so that users need to replace the 
batteries very frequently. Not only are energy resources 
wasted, but also inconvenience is brought to users. In ad- 
dition, the display apparatus fabricated by sticking two 
flat displays back to back, having a large thickness and a 
heavy weight, cannot fulfill the requirements of a small 
size and a light weight, leading to difficulties when apply- 
ing the display in portable electrical apparatuses. 
Summary of Invention 

[0006] it j S therefore a primary objective of the claimed invention 



to provide a new display to resolve the above-mentioned 
problems. This new display should use only one piece of 
flat display to display images on both sides. 

[0007] According to the claimed invention, a flat display com- 
prises a liquid crystal molecule layer disposed between 
two substrates, and a driving array having a plurality of 
switch devices disposed on one of the substrates. Images 
are asynchronously displayed on both sides of the flat 
display by controlling a rotation state of the liquid crystal 
molecule layer by the driving array in cooperation with a 
light source provided by a light source module. The light 
source module comprises two light-guiding plates. One of 
the light-guiding plates is disposed on the substrate hav- 
ing the driving array, and the other light-guiding plate is 
disposed on the other substrate having a color filter. 

[0008] it is an advantage over the prior art that the claimed in- 
vention flat display is thinner and lighter than the prior art 
flat display that is fabricated by adhering two pieces of 
flat displays to fulfill the requirements of a small size and 
a light weight. Furthermore, the cost is lowered. In addi- 
tion, the present invention discloses directly fabricating 
light-guiding plates on glass substrates having a color fil- 
ter and a driving array to further lower the manufacturing 



cost and decrease the thickness of the flat display. 
[0009] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment, which is illustrated in the multiple 

figures and drawings. 
Brief Description of Drawings 

[0010] pig.l and Fig. 2 are schematic diagrams illustrating the 
principle for present invention flat displays that display 
images on both sides. 

[° 01 1 ] Fig. 3 is a schematic diagram of a transreflective liquid 

crystal display according to a first preferred embodiment 
of the present invention. 

[0012] pig. 4 is a schematic diagram of a transreflective liquid 
crystal display according to a second preferred embodi- 
ment of the present invention. 

[0013] pig. 5 is a schematic diagram of an optical configuration of 
the driving array disposed on the substrate shown in 
Fig. 3. 

[0014] Fig. 6 is a schematic diagram of an optical configuration of 
the partially reflective film disposed on the outside of the 
substrate shown in Fig. 4. 

[0015] Fig. 7 is a schematic diagram of another optical configura- 



tion of a driving array disposed on a substrate. 

[0016] pig. 8 to Fig. 10 are structural schematic diagrams of light- 
guiding plates according to the present invention. 

[0017] Fig. 11 and Fig. 12 are schematic diagrams of a switch de- 
vice of a light source module according to the present in- 
vention. 

[0018] Fig. 13 and Fig. 14 are schematic diagrams illustrating a 
present invention flat display applied in a cell phone. 

[0019] Fig. 15 is a schematic diagram of an optical configuration 
of a present invention flat display. 

[0020] Fig. 16 is a schematic diagram of another optical configu- 
ration of a present invention flat display. 
Detailed Description 

[0021] please refer to Fig.l and Fig. 2. Fig.l and Fig. 2 are 

schematic diagrams illustrating the principle for present 
invention flat displays that display images on both sides. 
As shown in Fig.l, the present invention flat display 10 is 
a transmissive flat display. The flat display 10 comprises a 
light source 12 and a light source 14, a substrate 16 and a 
substrate 18, and a liquid crystal molecule layer 20 dis- 
posed between the substrate 16 and the substrate 18. A 
light-guiding plate 1602 and a color filter 1604 are dis- 
posed on the substrate 16, and a driving array 1802 and a 



light-guiding plate 1804 are disposed on the substrate 
18. Light beams emitted from the light sources 12, 14 are 
guided by the light-guiding plates 1602, 1804 disposed 
on the substrates 16, 18, respectively, to form two plane 
light sources to irradiate the liquid crystal molecule layer 
20. Light beams provided by the light source 12 enter the 
liquid crystal molecule layer 20 after being guided by the 
light-guiding plate 1602 disposed on the substrate 16 so 
that images are displayed on the bottom side of the flat 
display 10. Light beams provided by the light source 14 
enter the liquid crystal molecule layer 20 after they are 
guided by the light-guiding plate 1804 disposed on the 
substrate 18 so that images are displayed on the top side 
of the flat display 10. The present invention flat display 
may utilize a single light source to provide light beams 
required by the light-guiding plates disposed on the two 
substrates in another preferred embodiment of the 
present invention. As shown in Fig. 2, the present inven- 
tion flat display 30 is a transflective flat display. The flat 
display 30 only utilizes a light source 32. Similarly, a liq- 
uid crystal molecule layer 38 is disposed between a sub- 
strate 34 and a substrate 36. A light-guiding plate 3402 
and a color filter 3404 are disposed on the substrate 34, 



and a driving array 3602 and a light-guiding plate 3604 
are disposed on the substrate 36. The driving array 3602 
further comprises a light permeable region (not shown) 
and a reflective region (not shown). Light beams provided 
by the light source 32 are guided by the light-guiding 
plate 3402 disposed on the substrate 34 to generate a 
plane light source to enter the liquid crystal molecule 
layer 38. Portions of the light beams 35 are reflected by 
the reflective region (not shown) on the driving array 3602 
disposed on the substrate 36 so that images are displayed 
on the top side of the flat display 30. Portions of the light 
beams 37 pass through the light permeable region (not 
shown) on the driving array 3602 disposed on the sub- 
strate 36 so that images are displayed on the bottom side 
of the flat display 30. The light-guiding plate 3604 dis- 
posed on the substrate 36 is underneath the driving array 
3602. Light beams provided by the light source 32 are 
guided by the light-guiding plate 3604 disposed on the 
substrate 36 to form a plane light source. Portions of the 
light beams 39 pass through the light permeable region 
(not shown) on the driving array 3602 above them so that 
images are displayed on the top side of the flat display 
30. Because only one light source is utilized, a lampshade 



40 is installed at the outside of the light source 32. The 
light beams emitted from the light source 32 are thus re- 
flected to the light-guiding plates 3402, 3604 disposed 
on the two substrates 34, 36. The lampshade 40 may be a 
switchable device such that it can be switched to face the 
substrate 34 or the substrate 36 in another preferred em- 
bodiment of the present invention. In another preferred 
embodiment of the present invention, the driving array 
3602 disposed on the substrate 36 may comprise a par- 
tially transmissive and partially reflective region. There- 
fore, portions of the light beams coming from the top and 
the bottom pass through the partially transmissive and 
partially reflective region and portions of the light beams 
coming from the top and the bottom are reflected by the 
partially transmissive and partially reflective region to dis- 
play images on both sides of the flat display 30. In an- 
other preferred embodiment of the present invention, a 
partially reflective film or a partially reflective layer may be 
disposed on the outside of the substrate 36. 
[0022] | n addition, each of the flat displays 10, 30 may be a 

twisted nematic liquid crystal display (TN-LCD), a super 
twisted nematic liquid crystal display (STN-LCD), a thin 
film transistor liquid crystal display (TFT-LCD), a thin film 



diode liquid crystal display (TFD-LCD), a low temperature 
polysilicon thin film transistor liquid crystal display (LTPS 
TFT-LCD), an electrophoretic liquid crystal display, or liq- 
uid crystal displays of other modes, including reflective 
super twisted nematic (RSTN) mode, reflective twisted ne- 
matic (RTN) mode, reflectively electrically controlled bire- 
fringence (RECB) mode, mixed-mode twisted nematic 
(MTN) mode, and vertical alignment mode (VA). Moreover, 
the light-guiding plates are not limited in being disposed 
on the substrates having the color filter and the driving 
array, they can be directly fabricated on the glasses hav- 
ing the color filter and the driving array to further lower 
the manufacturing cost and decrease the thickness of the 
flat display, according to the present invention. 
[0023] please refer to Fig. 3 and Fig. 4. Fig. 3 is a schematic dia- 
gram of a transflective liquid crystal display 100 according 
to a first preferred embodiment of the present invention. 
Fig. 4 is a schematic diagram of a transreflective liquid 
crystal display 130 according to a second preferred em- 
bodiment of the present invention. As shown in Fig. 3, a 
liquid crystal display 100 comprises a polarization film 
102, a compensation film 104, a color filter 106, a layer of 
liquid crystal molecules 108, a substrate 110 having a 



driving array 111, a compensation film 112, and a polar- 
ization film 114. The pixel array 111 on the substrate 110 
comprises many switch devices (not shown), and each of 
the switch devices controls a rotation state of the liquid 
crystal molecules 108 within a corresponding pixel. A re- 
flective region 1102 and a light permeable region 1104 
are included in one pixel on the driving array 111. Light 
beams are reflected to the outside of the polarization film 
102 by the reflective region 1102 and reach the polariza- 
tion film 114 through the light permeable region 1104. 
The above-mentioned light-guiding plates may be dis- 
posed on the outside of the polarization films 102, 114. 
As shown in Fig. 4, a liquid crystal display 130 comprises a 
polarization film 132, a color filter 134, a layer of liquid 
crystal molecules 136, a substrate 138 having a driving 
array 139, a partially reflective film 140, and a polariza- 
tion film 142. Only a light permeable region 1382 is in- 
cluded in the driving array 139 disposed on the substrate 
138. Light beams pass through the light permeable region 
1382 and reach the partially reflective film 140, then por- 
tions of the light beams are reflected to the outside of the 
polarization film 132 and portions of the light beams pass 
through the polarization film 142. The above-mentioned 



light-guiding plates may be disposed on the outside of 
the polarization films 132, 142. 
[0024] please refer to Fig. 5 to Fig. 7. Fig. 5 is a schematic diagram 
of an optical configuration of the driving array 111 dis- 
posed on the substrate shown in Fig. 3. Fig. 6 is a 
schematic diagram of an optical configuration of the par- 
tially reflective film disposed on the outside of the sub- 
strate shown in Fig. 4. Fig. 7 is a schematic diagram of an- 
other optical configuration of a driving array 171 disposed 
on a substrate. As shown in Fig. 5, a reflective region 1102 
and a light permeable region 1104 are included in one 
pixel on the driving array 111 disposed on the substrate 
(not shown). Therefore, light beams 112 are reflected by 
the reflective region 1102, and light beams 113 pass 
through the light permeable region 1104. As shown in 
Fig. 6, the partially reflective film 140 disposed on the 
outside of the substrate has the function of partial trans- 
mission and partial reflection. For example, a metal thin 
film may be deposited on a substrate to fabricate the par- 
tially reflective film 140. Therefore, portions of light 
beams 152 reaching the partially reflective film 140 are 
reflected, and portions of light beams 153 reaching the 
partially reflective film 140 pass through the partially re- 



flective film 140. The ratio of the light beams 152 being 
reflected by the partially reflective film 140 to the light 
beams 153 passing through the partially reflective film 
140 can be controlled by adjusting the thickness of the 
metal thin film. As shown in Fig. 7, a scattering reflective 
region 1708 and a light permeable region 1710 are in- 
cluded in a pixel on the driving array 171 disposed on the 
substrate (not shown). The scattering effect of the reflec- 
tive region 1708 can be achieved by utilizing a micro 
roughness surface or mirror-like reflectance. A scattering 
reflectance thus occurs when the light beams 172 are re- 
flected by the reflective region 1708. At the same time, 
the light beams 173 pass through the light permeable re- 
gion 1710. If the reflective region 1708 is achieved by uti- 
lizing a micro roughness surface, a rough layer 17082 and 
a reflective layer 17084 are included in the reflective re- 
gion 1708. The material composition of the rough layer 
17082 comprises silicon nitride, silicon oxide, or silicon 
oxynitride, and the micro roughness surface is formed on 
a surface of the rough layer 17082. The reflective layer 
17084 is composed of materials having a high reflectance 
factor, such as high-reflection metals or multi-layered 
films. Typically, aluminum, silver, or alloys of them are 



utilized. Both the rough layer 17082 and the reflective 
layer 17084 are used for reflecting the light beams 172. 

[0025] The color filter utilized in the present invention may be a 
dual color filter. When the color filter is a dual color filter, 
the color filter corresponding to the reflective region and 
the color filter corresponding to the light permeable re- 
gion are designed based on the number of times that light 
beams are reflected. In addition, color filters having dif- 
ferent thickness, different chromaticity, and different ma- 
terials may be utilized to form color filters having differ- 
ent colors. In addition, color filters having different colors 
may be formed by color mixing. These skills are all well 
known by those of ordinary skill in the art. 

[0026] please refer to Fig. 8 to Fig. 10. Fig. 8 to Fig. 10 are struc- 
tural schematic diagrams of light-guiding plates accord- 
ing to the present invention. The light-guiding plate 200 
having a tilt angle is shown in Fig. 8, the planer zigzag 
light-guiding plate 230 is shown in Fig. 9, and another 
planer zigzag light-guiding plate 260 is shown in Fig. 10. 
The light-guiding plate 200 having a tilt angle comprises 
a prism 202 for guiding light beams provided by the light 
source to the light-guiding plate 200. Surfaces of both the 
planer zigzag light-guiding plate 230 and the planer 



zigzag light-guiding plate 260 are zigzag scattering sur- 
faces. The spacing between two adjacent zigzag struc- 
tures is not necessarily equal to that between two other 
adjacent zigzag structures. Actually, the spacing is de- 
signed according to practical requirements. 
[0027] please refer to Fig. 11 and Fig. 12. Fig. 11 and Fig. 12 are 
schematic diagrams of a switch device of a light source 
module according to the present invention. As shown in 
Fig. 11, the switch device of the light source module 300 
comprises a switch 302, a stand 304, and a lampshade 
306. The lampshade 306 is used as a reflective plate to 
reflect light beams emitted from reflective light source 
308. When the present invention flat display utilizes a sin- 
gle light source in cooperation with two light-guiding 
plates, the switch 302 can switch a direction of the lamp- 
shade 306 such that the light beams required by different 
light-guiding plates are provided by the light source 308. 
As shown in Fig. 12, the switch device of the light source 
module 330 comprises a switch 332 and reflective plates 
334, 336. The reflective plates 334, 336 are used for re- 
flecting light beams emitted from the light source 338. 
Similarly, the switch 332 can switch a direction of the re- 
flective plates 334, 336 such that the light beams re- 



quired by different light-guiding plates are provided by 
the light source 338 when the present invention flat dis- 
play utilizes a single light source in cooperation with two 
light-guiding plates. 
[0028] please refer to Fig. 13 and Fig. 14. Fig. 13 and Fig. 14 are 
schematic diagrams illustrating a present invention flat 
display applied in a cell phone. As shown in Fig. 13, the 
present invention flat display comprises light-guiding 
plates 400, 402, a light source 404, and a lampshade 406. 
The lampshade 406 is a part of a switch device of a light 
source module, and a switch is utilized to switch a direc- 
tion of the lampshade 406. When the cell phone is 
opened, the switch switches the lampshade 406 to face 
the light-guiding plate 402 to allow the light source 404 
to provide light beams to the light-guiding plate 402. Im- 
ages are thus displayed on an inner side 408 of the flat 
display. Oppositely, the switch switches the lampshade 
406 to face the other light-guiding plate 400 to allow the 
light source 404 to provide light beams to the light- 
guiding plate 400 when the cell phone is opened, as 
shown in Fig. 14. Images are thus displayed on an outer 
side 410 of the flat display. In another preferred embodi- 
ment of the present invention, two light sources are in- 



eluded in light source facilities of a cell phone. When the 
cell phone is opened, a switch is triggered to fire one of 
the light sources so that images are displayed on an inner 
side of the flat display in cooperation with one light- 
guiding plate. Oppositely, the switch is triggered to fire 
the other light source so that images are displayed on an 
outer side of the flat display in cooperation with the other 
light-guiding plate when the cell phone is closed. Simi- 
larly, the present invention flat display may be applied in a 
notebook computer, a table PC, a large display screen, 
and other digital products if a digital module is equipped 
to connect to the present invention flat display to drive 
the present invention flat display to display images. 
[0029] please refer to Fig. 15. Fig. 15 is a schematic diagram of an 
optical configuration of a present invention flat display 
500. As shown in Fig. 15, the present invention flat display 
500 comprises a substrate 502, a liquid crystal molecule 
layer 504, a substrate 506, and a light source 508. The 
substrate 502, having a light-guiding plate 5022 and a 
color filter 5024 on it, is on the top of the liquid crystal 
molecule layer 504. The other substrate 506, having a 
driving array 5062 and a light-guiding plate 5064, is at 
the bottom of the liquid crystal molecule layer 504. The 



light source 508 provides light beams required by the two 
light-guiding plates 5022, 5064. The flat display 500 is a 
transmissive flat display. The light-guiding plates 5022, 
5064 are respectively disposed on the glass plates having 
the color filter 5024 and the driving array 5062 on them. 
The driving array 5062 is used for controlling a rotation 
state of the liquid crystal molecules in the liquid crystal 
molecule layer 504. The flat display 500 further comprises 
polarization, compensation, and alignment layers 512, 
514 disposed between the substrate 502 and the liquid 
crystal molecule layer 504 and between the liquid crystal 
molecule layer 504 and the substrate 506, respectively. 
The alignment layer, for example: the product produced 
by Optiva Co., is formed by mixing absorption molecules 
with an alignment film, and is used for aligning the liquid 
crystal molecules in the liquid crystal molecule layer 504 
along its direction. A lampshade 516 surrounds the light 
source 508 and reflects the light beams. The lampshade 
5 16 is a part of a switch device of a light source module. 
The lampshade 516 is thus rotated to raise the utility of 
the light source 508 by operating a switch of the switch 
device of the light source module. 
[0030] please refer to Fig. 16. Fig. 16 is a schematic diagram of 



another optical configuration of a present invention flat 
display 600. As shown in Fig. 16, the present invention flat 
display 600 comprises a substrate 602, a liquid crystal 
molecule layer 604, a substrate 606 having a pixel array 
6062, a light source 608, and a semi-reflective film 610. 
The substrate 602, having a light-guiding plate 6022 and 
a color filter 6024 on it, is on the top of the liquid crystal 
molecule layer 604. The substrate 606 is at the bottom of 
the liquid crystal molecule layer 604. The light source 608 
provides light beams required by the light-guiding plate 
6022. The light-guiding plate 6022 is disposed on the 
glass plate having the color filter 6024 on it. The driving 
array 6062 disposed on the substrate 606 further com- 
prises a light permeable region, and the semi-reflective 
film 610 is disposed between the liquid crystal molecule 
layer 604 and the driving array 6062. Therefore, portions 
of the light beams coming from the light-guiding plate 
6022 are reflected by the semi-reflective film 610 to dis- 
play images on a top side of the flat display 600, and por- 
tions of the light beams coming from the light-guiding 
plate 6022 pass through the semi-reflective film 610 to 
display images on a bottom side of the flat display 600. 
The flat display 600 further comprises a polarization, 



compensation, and alignment layer 612 disposed between 
the substrate 602 and the liquid crystal molecule layer 
604, and an alignment layer 614 disposed between the 
liquid crystal molecule layer 604 and the semi-reflective 
film 610. The alignment layer in the polarization, com- 
pensation, and alignment layer 612 and the alignment 
layer 614, for example: the product produced by Optiva 
Co, are formed by mixing absorption molecules with an 
alignment film, and are used for aligning the liquid crystal 
molecules in the liquid crystal molecule layer 604 along 
their direction. The flat display 600 may utilize only one 
light-guiding plate 6022 or two light-guiding plates 
6022, 6064. When two light-guiding plates are utilized, 
the light-guiding plates 6022, 6064 are respectively dis- 
posed on the glass plates having the color filter 6024 and 
the driving array 6062. At this time, a single light source 
or two light sources may be utilized to provide the light 
beams required by the light-guiding plate 6022 and the 
light-guiding plate 6064. When a single light source is 
utilized, the above-mentioned switch device of a light 
source module is installed at the circumference of the 
light source to raise the utility of light source. 
[0031] Compared to the prior art, the claimed invention flat dis- 



play is thinner and lighter than the prior art flat display 
that is fabricated by adhering two pieces of flat displays to 
fulfill the requirements of a small size and a light weight. 
Furthermore, the cost is lowered. In addition, the present 
invention discloses directly fabricating light-guiding 
plates on glass substrates having a color filter and a driv- 
ing array to further lower the manufacturing cost and de- 
crease the thickness of the flat display. 
[0032] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bound of the appended claims. 



